INTRODUCTION
For several decades, methylphenidate (MPH, Ritalin) has been the primary treatment for children with attention-deficit disorder (ADD), a disorder affecting 3-5% of U.S. children. The therapeutic effects of MPH are mediated through its action at the dopamine transporter (DAT) (Cheon et al., 2003; Krause et al., 2000; Vles et al., 2003) . Currently, positron emission tomography (PET) is being used to study the DAT effects of MPH and other psychomotor stimulants that can be related to their behavioral or therapeutic effects (Volkow et al., 1998 (Volkow et al., , 1999 Wilcox et al., 2002) . For instance, Volkow et al. (1998) reported that therapeutic doses of oral MPH produced at least 50% DAT occupancy in adults without ADD.
Macaques are used in common preclinical models of the effects of psychomotor stimulants on the central nervous system (CNS); however, few studies have investigated the bioavailability and CNS penetration of oral MPH in macaques. One study in adult rhesus monkeys found that blood plasma concentration reached 16 ng/ml after oral administration of 3.0 mg/ kg MPH (Doerge et al., 2000) . In adult humans with ADD therapeutic doses of oral MPH range from 0.15 to 0.3 mg/kg and produce blood plasma levels of 3.5-7.8 ng/ml (Volkow et al., 1998; Wargin et al., 1983) . In children with ADD, MPH is prescribed in the range of 10-60 mg/day (0.4-2.4 mg/kg/day, (Patrick and Markowitz, 1997) , and a dose of 20 mg in children (0.8 mg/kg) results in a blood plasma concentration of 20 ng/ml 2 h after dosing (Swanson and Volkow, 2003) . These studies suggest that oral MPH is less bioavailable in macaques than in humans. Preadolescent macaques are being increasingly used in preclinical studies of drugs of abuse, including stimulants used to treat ADD; therefore, this study evaluated the relationship between DAT occupancy in the striatum and blood plasma concentration for several doses of oral MPH in preadolescent macaques.
Two preadolescent male rhesus monkeys (2-2.5 years old) served as the subjects for this study. Anesthesia was maintained with saffan in all studies with one subject (04-207; derived from Guilarte et al., 2006) . However, in the middle of the study, saffan became unavailable and some scans for one monkey (04-185) were performed using propofol [adapted from (Hartvig et al., 1997) ]. Monkey 04-185 received an additional baseline PET scan when the anesthesia was changed to propofol. There were no apparent differences in binding potential (BP) due to the change in anesthesia. Monkeys received the MPH orally after induction of anesthesia with MPH dissolved in 5 ml/ kg water 2 h before the scans.
Dynamic PET scans were performed on a high-resolution research tomography PET scanner (Horti et al., 2006) . A bolus of [ 11 C]MPH [injected dose 6.2 mCi (0.1 sem); specific activity 6115 mCi/lmol (481 sem)] was injected intravenously, and dynamic images of 30 frames were reconstructed for 90-min data acquisition in each study. Tracer BP was estimated by fitting a simplified reference tissue model to the measured striatum time activity curve (Lammertsma and Hume, 1996; Zhou et al., 2007) , where cerebellum was used a reference tissue devoid of specific binding. The occupancy of MPH was calculated as percent changes of BP from baseline as 100(BP(baseline)-BP(MPH))/BP(baseline). Blood was drawn every 30 min during the 90-min scan to determine MPH plasma levels. Figure 1 shows percent DAT occupancy for various doses of MPH (0.8-32 mg/kg) in each monkey. The dose of MPH was increased until DAT occupancy was at least 50%, which required the administration of 17 mg/kg (04-185) or 32 mg/kg (04-207). The EC50 for DAT occupancy was 21.5 mg/kg with a 95% confidence of 13.00-35.64. Average peak plasma levels ranged from 3.0 ng/ml (SEM 0.15) for 5.6 mg/kg to 61 ng/ml (SEM 19) for 32 mg/kg (Table I) . Each monkey also received 5.6 mg/kg MPH 1 h before scan, and these data suggest that DAT occupancy was similar at 1 and 2 h (Fig. 1, inset) . There was a positive relationship between plasma concentration and DAT occupancy for MPH, consistent with a previous report (Volkow et al., 1998) .
Oral MPH was much less potent to occupy the DAT in juvenile macaques than human adults. The EC50 for DAT occupancy was 21.5 mg/kg in macaques (present study), compared to 0.25 mg/kg in humans (Volkow et al., 1998) . Blood plasma concentrations support the finding that oral MPH is less bioavailable in preadolescent macaques. A dose of 0.8 mg/kg in children results in a blood plasma concentration of 20 ng/ml 2 h after dosing (Swanson and Volkow, 2003) . Blood plasma concentrations in the juvenile monkeys did not reach 20 ng/ml until 17 or 32 mg/kg MPH was administered. Interestingly, MPH was also less bioavailable in juvenile than adult macaques with juveniles requiring doses 5 to 10-fold higher than required for therapeutic blood levels in adult rhesus macaques (Doerge et al., 2000; Volkow et al., 1998; Wargin et al., 1983) . In this study, blood concentrations are not likely to be affected by oral administration after anesthesia as an additional eight juvenile macaques have demonstrated similar blood levels after drinking MPH in a Tang solution (data not shown).
In summary, oral MPH is less bioavailable in juvenile macaques than humans; however, once sufficient MPH enters the blood, occupancy of striatal DATs occurs at similar blood levels between juvenile macaques, and humans. Therefore, once the dose is titrated to the appropriate blood levels, the juvenile macaque is a good model for investigating the CNS effects of oral MPH administration. 
